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§22. Charging and Growing Processes of 
Grains in Dusty Plasmas 
Watanabe, K., Ishiguro, S., Sato, T. 
The charging and growing processes of the 
dust particles (grains) have been studied by 
nleans of the newly developed particle simula-
tion code. Our final goal is to clarify the phys-
ical mechanism of the ordered structure forma-
tion such as the rotating radial spokes of the 
Saturn's rings, from a viewpoint of the "Self-
organization" . 
The grains have been generally considered 
to be charged negative because electrons of the 
background plasma attach to the grains more 
frequently than ions due to the difference of 
the thermal velocity. However, when the sec-
ondary electron emission effect from grains is 
taken into account, the electric potential of 
dust grains can become positive. Under the 
suitable conditions, the grain charge changes 
from negative to positive or positive to nega-
tive in the way of "flip-flop". 
In the present study, we are taking into ac-
count the attachment of background electrons 
and ions to the grains, and the secondary elec-
tron emission from the grains when the high 
energy electron collides. Then, the grains can 
be charged both negatively and positively, 'so 
that oppositely charged grains are making a co-
agulation. The change of the charge, mass and 
size of the grains as a result of the coagulation 
between the grains of opposite charge are also 
considered. Since the number of the grains is 
decreasing due to the coagUlation, the neutral 
(uncharged) grains are supplied into the sys-
tenl. We executed the simulation runs in which 
the neutral grains are supplied around the cen-
ter in the various time scales. 
The simulation results show that the grains 
change their charge in the way of flip-flop when 
the appropriate background temperature, den-
sity, and the grain size are chosen, and are at-
tracting one another to grow. In the case of the 
fast supply of neutral grains ( in the time scale 
of the average electron attachment ), the grains 
are growing up to a certain size and go out 
from the system. Thus, they do not grow large 
enough, about 10 times larger than the origi-
nal ones. On the other hand, in the case of the 
slow supply ( 4 times slower than the previous 
case ), the grains keep growing up to 100 times 
larger than the original. The reason may be 
that when the neutral grains are supplied fast, 
many charged grains, positively or negatively, 
appear around the center. Such charged grains 
will push the grains which have been already 
coagulated and become large. Fig. 1 shows the 
temporal evolution of the dust grains when the 
neutral grains are supplied in the slower time 
scale than that of the average electron attach-
ment. 
References 
1) Watanabe, 1(. et al., Advances in Dusty Plas-
mas, World Scientific Publishing Co., pp.394-
402, 1997. 
2) Sato, T. and Watanabe, 1(., J. Plasma Fu-
sion Res., 73 (1997) 1257. 
t= 3X 10 9 
. '"' . ' . . 
. .. '. . " . 
, .. 
" , .. -,. ". 
. ' : . 
. " . 
. .~:. ... . .. . .. 
, . 
. .... -
. . . . . .. 
". .... . ".' 
". . 
. ..... 
. . '..... . . . .. . 
. , . 
Fig. 1 : The temporal evolution of the dust grains when neutral grains are supplied stationarily. 
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